AIDS DNA VACCINE THAT PREVENTS SIVmac239 VIRUS 



INFECTION IN MONKEYS 
FIELD OF THE INVENTION 

The present invention relates to a plasmid 
containing simian immunodeficiency virus (hereinafter 
referred to as ^'SIV ) -derived genes . 

Particularly, the present invention relates to 
the plasmid pSIV/GE which contains gag, protease, env 
and rev gene, all derived from SIV, but not tat and 
nef gene and the 'plasmid pSIV/pol which contains SIV- 
derived pol gene; the plasmid pHIV/GE and pHIV/pol 
that are substituted the SIV-derived genes in the 
plasmid pSIV/GE and pSIV/pol by human immunodeficiency 
virus (hereinafter referred to as ^'HIV" ) -derived 
corresponding genes; AIDS DNA vaccine containing the 
plasmid pSIV/GE and pSIV/pol; and AIDS DNA vaccine 
containing the plasmid pHIV/GE and pHIV/pol . 

BACKGROUND 

It has been found that plasmid DNA, when 
injected into mice without being associated with any 
adjuvant, can generate antibody and CTL responses to 

viral antigens encod"ed by t h'e — p-i-a-sm-i-d — DN A-, — a-n.d eiiirii. 

protective immunity against viral infection (Ulmer at 
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al.. Science, 259:1745, 1993). Starting from this, 
there have been reported many research results 
regarding the induction of humoral and cellular immune 
responses resulting from the introduction of DNA 
vaccines containing various viral genes in animal 
models (Chow et al., J. Virol., 71:169, 1997; 
McClements et al . , Proc. Natl, Acad. Sci . USA, 
93:11414, 1996; Xiang et al , , Virology, 199:132, 1994; 
Wang et al., Virology, 211:102, 1995; Lee et al.. 
Vaccine, 17:473, 1999; Lee et al . , J. Virol., 72:8430, 
1998) . 

DNA vaccines are highly safe, as proven by the 
fact that the clinical testing of DNA vaccines on 
human beings was allowed by the FDA of U.S.A. only^ 
four years after great success was reported in the 
research using small animals. With the advantage of 
being able to induce potent and persistent cellular 
immune responses, DNA vaccines have been considered 
strong candidates for prevention* and therapy of AIDS. 

In connection to candidates for AIDS vaccines, 
attenuated viruses, subunit vaccines, and live virus 
vector vaccines have been under study. Of these 
candidates, attenuated viruses induce the most potent 
immune responses, but have the danger of being 
converted into virulent strains since they can 

r e p 1 icate i n~~rhe~~h<JS't"^ In — f -ac-t^;^ — ^thhe— i-n^e G~t-i-0-n~o-f — S-ome_ 

attenuated viruses caused AIDS in experiments on 



monkeys, raising concerns about their safety. 

On the other hand, subunit vaccines suffer from 
the problem of being unable to induce CTL immune 
responses necessary for protection against HIV. In 
the case of live virus vector vaccines, questions have 
been raised whether the vectors themselves may cause 
infection and diseases. 

For vaccines against HIV to be applied to humans, 
their virtues must be first confirmed through testing 
on primates. Primate animal models for use in 

infection and vaccination ranging from HIV/chimpanzee 
model to S I Vmac/rhesus monkey model, are 
discriminately employed in consideration of the 
severity of the diseases caused and the difficulty in 
inducing protective immune responses in them. 

Particularly, rhesus monkey models are quite 
difficult to protect from infection by SIVmac virus 
and SIVmac/rhesus monkey models, that is, rhesus 
monkey models infected by SIVmac virus, are recognized 
as being the closest model to HIV-infected humans 
(Hanke et al . , J. Virol,, 73:7524, 1999). 
SIVmac/rhesus monkey models are very similar to HIV-1 
infected humans in the following aspects: 

1) host immune response after infection, 

2) route of infection, 

3) occurrence of persistent iTTfe^tTon-T — 

4) disease induction in association with a 



decrease in CD4"^ cell number, 

5) impossibility of preventing the infection by 
use of neutralizing antibodies alone, and 

6) pattern of viral loads in infected host. 
With these close similarities, SIVmac/rhesus 

monkey models, in spite of SIVmac being different from 
HIV in base sequence, are recognized as the most 
preferable animal models. AIDS DNA vaccines developed 
so far are reported to inhibit AIDS infection in the 
animal models which are most easily protected like 
HIV/chimpanzee models. However, chimpanzees are not 
the best models since AIDS does not occur in HIV- 
infected chimpanzees . 

Another animal model, chimeric simian-human 
immumodef iciency virus ( SHIV) /monkey model, was 
designed for evaluating the efficacy of envelope-based 
HIV-1 vaccines. At the time when SHIV was first 
created, it did not induce disease in monkeys, but 
after having undergone repeated in vivo passage, some 
SHIV was transformed into virulent mutants which are 
able to cause a fatal disease in monkeys (Reimann et 
al., J. Virol., 70:6922, 1996). However, SHIV has the 
drawback of being an* artificial recombinant virus 
which does not exist in the natural environment. 

Accordingly, the SIVmac/rhesus monkey model is 
c o n s i d e red to ~b e the m^ir~pT~e"f 'e"2ra:bl-e~i-n— e v-a-l-u-a-ti-n-g~-t-he- 
efficacy of AIDS vaccines. According to what is known 



thus far, the SI Vmac/rhesus monkey model was 
successfully protected from SIV infection only when 
attenuated viruses, whose safety in humans is in 
question, were used (Daniel et al . , Science, 258:1938, 
1992), but failed to be protected from SIV when using 
other types of vaccines, including DNA vaccines (Lu et 
al., J. Virol., 70:3978, 1996). Thus, there remains 
an urgent need to develop a DNA vaccine capable of 
directing protection against SIV infection in 
SIVmac/rhesus monkey models. 

Among plasmid DNA vaccines which have failed to 
induce protection in SIVmac/rhesus monkey models, thus 
far, there are plasmids which not only carry gag, env, 
and rev genes together, but also code for accessory 
proteins such as tat, nef, vpr, and vpx, and plasmids 
which anchor env genes sourced from various species 
(Lu, et al., J. Virol., 70:3978, 1996). 

In a study using a plasmid carrying an env gene 
of HIV and a plasmid carrying a gag/pol gene, an 
HlVsp/chimpanzee model succeeded the protection (Boyer 
et al . , Nat. Med., 3:526, 1997). However, since 
HIV/chimpanzee model is easy to generate the 
protective responses by immunization, it is likely 
that these plasmids will not show similar immune 
effects, raising the question whether they can 
effectively function a s AIDS vaccllWs r n— hu ma-n-s-^ 

The AIDS vaccines used in the prior study is 
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believed to fail to induce effective protection 
against SIVmac infection for the following reasons. 
First, based on the research report that accessory 
genes of HIV, such as nef and tat, inhibit and disturb 
5 immune responses in vitro (Lindemann et al . , J. Exp. 
Med., 179:797, 1994; Viscidi et al.. Science, 
246:1616,1989), those genes, if used as' immunogens, 
may negatively affect the induction of protective 
immune responses against AIDS virus in humans and 
10 monkeys. Next, effective use was not made pf a pol 
gene, a HlV.gene encoding many CTL markers (epitopes), 
which are known to play an important role in 
protective immune responses . 

Thus far, the successful immune - protection 
15 generated in SIVmac/rhesus monkey models was unique 



among attenuated viruses , whose safety in humans is in 
question (Daniel et al . , Science, 258:1938, 1992). 
Accordingly, if any plasmid DNA vaccine successfully 
induces protection in SIVmac/rhesus monkey models, 'the 
20 plasmid DNA itself can be evaluated as an effective 
AIDS vaccine and thus be applied to humans. 

Leading to the present invention, the intensive 
and thorough research on excellent protection against 
25 AIDS virus, conducted by the present inventors aiming 



to c i r c um V e n t a:b"o ve"~-prr obl-em s -en-e e-u n-te-red — i-n— p^r-i-0-r-_a-nt^s_, 
resulted in the finding that a plasmid carrying a 
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combination of gag, protease, env and rev genes or a 
combination of genes coding for reverse transcriptase 
and integrase, respectively, can induce excellent 
protective effects in SIVmac/rhesus monkey models with 
5 great safety. 



SUMMARY OF THE INVENTION 
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It is an object of the present invention to 
10 provide a plasmid vaccine capable of inducing 
protective effects in SIVmac/rhesus monkey models. 
2" It is another object of the present invention to 

^ establish a plasmid immunogen which can be used in the 

ry prophylaxis and therapy of human AIDS caused by HIV. 

m 15 

Q In accordance with the present invention, the 

foregoing objects and advantages are readily obtained. 

The present invention provides a plasmid carrying 
gag, protease, env and rev genes, all derived from SIV, 
20 but not tat and nef genes and a plasmid carrying a 
SIV-derived pol gene encoding for a reverse 
transcriptase and an integrase. 

The present invention also provides plasmids in 
. which the SIV genes are substituted by corresponding 



25 HIV-derived genes 



In addition, the present invention provides DNA 
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vaccines comprising combinations of the plasmids 

carrying SIV-derived genes or the plasmids carrying 

« 

HIV-derived genes . 

Further features of the present invention will 
5 appear hereinafter. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows DNA constructs of SIV-derived gene 
10 that are included plasmid pSIV/GE and pSIV/pol of the 
present invention in comparision with the total genome 
of SIV. 

FIG. 2 shows restriction maps of plasmid pSIV/GE 
and pSIV/pol used in the present invention. 
15 FIG. 3 shows a result of immunoblott ing after 

plasmid pTV~SIV/GE and pTV-SIV/pol are transfected into 
COS-7 cell. 

FIG. 4 shows cell associated viral loads in blood 
of challenged monkeys^- wherein 
20 Group 1; pTV, 

Group 2; pTV-SIV/GE+pTV-SIV/pol , 

Group 3; pTV-SIV/GE+pTV-SIV/pol+pTV-SIV/GE-GC-hpTV- 
SIV/pol-IL-2 , 

Group 4; pTV-SI V/GE+pTV-SIV/pol priming and 
25 subunit vaccine boosting. 

FIG. 5 shows absolute CD4+ counts in challenged 



monkeys, wherein 
Group 1; pTV, 

Group 2; pTV-SI V/GE+pTV-SI V/pol , 

Group 3; pTV-SIV/GE+pTV-SIV/pol+pTV-SIV/GE-GC+pTV- 
SIV/pol-IL-2, 

Group 4; pTV-SI V/GE-fpTV-SIV/pol priming and 
subunit vaccine boosting. 

FIG. 6 shows percentage of CD29"'CD4"' cells in the 
peripheral blood lymphocytes of monkeys infected with 
SIVmac, wherein 

Group 1; pTV, 

Group 2; pTV-SI V/GE+pTV-SI V/pol , 

Group 3; pTV-SIV/GE+pTV-SI V/pol+pTV-SIV/GE-GC+pTV- 
SIV/pol-IL-2 , 

Group 4; pTV-SIV/GE+pTV-SIV/pol priming and 
subunit vaccine boosting. 

FIG. 7 shows postchallenge levels of p27 
ant igenemia , wherein 

Group 1; pTV, 

Group 2; pTV-SIV/GE+pTV-SI V/pol , 

Group 3; pTV-SIV/GE+pTV-SI V/pol+pTV-SI V/GE-GC-fpTV- 
SIV/pol-IL-2, 

Group 4; pTV-SI V/GE+pTV-SIV/pol priming and 
subunit vaccine boosting. 

FIG. 8 shows cell associated viral load in SIV-DNA 
immuni zed rhesus monXey at 2~5~, 5"2 — and — 6-9 — wee-k-s — a-f-t-ex. 
SlVmac 239 challenge, wherein 



a. -; negative, 

b. ND; not done. 

FIG. 9 shofvs name and composition of ADIS DNA 

the present invention. 
FIG. 10 shows a schematic of immunization schedule 
for each group of monkeys . 



vaccines used in 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



10 Hereinafter, the present invention is described 

in detail . 

The present invention provides a plasmid 
carrying gag, protease, env and rev genes, all derived 
from SIV, but not tat and nef genes and a plasmid 

15 carrying a SIV-derived pol gene encoding for a reverse 
transcriptase and an integrase 

The present invention pertains to induction of 
excellent, protective effects in SIVmac/rhesus monkey 
models with a plasmid DNA vaccine. In this regard, 

20 two different plasmids are provided, 1) one carrying 
gag, protease, env and rev genes, but neither a tat 
gene nor a nef gene, and 2)' the other comprising a 
gene coding for an SIV-derived reverse transcriptase 
and a pol gene coding for an integrase, which are 

25 termed '^"p'STVy-G-E" — and ^p-ST_V_.Z,po]/l,^_^;espect ively , for 

convenience' s sake . 
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.„ Flq 1. there are shown DNA 

construes cons.st.n, o. SXV . ^^^^^^^ 

As shown m x,nx^ 
SIV:nac239 genome. ^^^^ ^ ^ 

nene encoding a matrxx p 
"""^ I, ana a nuceocaps.. pro.e.n (HC , 

..PS.. prote.n C» ^^^^^^ ^ ^^^^^^^^ 

all derived from SIV. 

.„rt into pSIV/GE, along with a 
incorporated ^^^^^^^^ 

T„ A feature ot pt>-L^'/ 

encoding an accessory 

neither nef nor tat, 



protein . 
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• ^ voc^t rict ion 

9 there are resi^i-i-^ 
.e.erence to .r, . 2 t 

, the recombinant .plasmrds pTV 

structed according to embodiments of the 
SXV/pol construote ^^^^ ^^^^^^^^ 

present invention. Each sjv/pol, are 

. , 0» oonstructs, SIV/GE and SIV/p 
whioh DMA promoter/enhancer 
-Pe--lv inserted, has " 

aei-ed .rom cytomegalovirus ^^^,,,,„„cn 

- - " J TnEig. - each 

„.....e f represented by TPL 
sequciiv.'ti f repiicatxwii 

^ QVAO PA stand for a r«F 
vector, SV40 ORI and SV40 ^^^^ ^^^^^ 

H a poly A sequence, deri 
origin and a po y ^^^^^ 

,,,,ely These pTV2 vectors, whxch 
respectively. present 

.or PTX previously made by 
the vector pi h ...473 1999), have 

^ Vaccine, l/-^'-^' 

— tnv-enWX^CLee .,ors in s tWies^^^^^-"- 

as DNA vaccine vectors 
been used as -72-8430, 1998; Cho et 

. J. Virol., 72.a^-iU' 

animals (Lee et al . , 
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al., VaccinSf 17:1136, 1999). It is obvious to those 
skilled in the art that various changes and 
modifications may be made on promoter types and 
glycoprotein signal sequence types and lengths, 
depending on purposes. 

In pSIV/pol, a pol gene encoding an RT and an 
integrase, both derived from SIV, is anchored. Of the 
pol gene area responsible for the integrase, a base 
sequence of 5130-5135 is known to be indispensable for 
the enzymatic activity of the integrase. Therefore, 
this DNA stretch can be modified to suppress the 
activity of the integrase, thereby preventing the 
virus from replicating in host cells. Such a mutant 
gene further lowers the low possibility that viruses 
capable of replication in the vaccine after 
vaccination are produced, guaranteeing the safety of 
the DNA vaccine. The position number of the base 
sequence conforms to the SIVmac239 clone having a 
GenBank Accession Number of M33262. 

In one preferable embodiment of the present 
invention, a signal sequence encoding 33 N-terminal 
amino acid residues of the glycoprotein D (gD) of 
herpes simplex virus (HSV) is fused to the 5' -end of 
the pol and subjected to the direct transcriptional 
.corrtrol of the CMV promoter to enhance the expression 

frequency of the RT and integrase. — 

Deletion was made of the bases at positions 5130- 

12 
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•^v. r^f the poi gene whiie 
5132 from the integrate region of P 

5133-5135 were mutated so as to express 

serm instead of Asnn,. 

. this .utant Sivmac239 virus was found to 

experiments, cni^ 

i ferrate in host cells, 
be unable to proliferate 

V, o ^ schematic diagram of a 
Fig 1 shows a SCntSiuau 

. ^ (qiV/pol) to be inserted to 
derived gene construct (SIV/po 

, , Pig 2 shows a restriction map of 

..-;;v;poi. prepared aooording to a preferred 

^ . 4--;^r, However, it 

V of the present invention, 
embodiment of tne p ^^omoter 
.nouid .e understood that -.utatron processes P 

„,e3, givcoprotein signai sequence ^^^^ ^ \^ 
be modified in diverse manners, depend 



purposes . 




Zu Of the piasmids pTV-S.V/OB and pTV-S.V/poi 

«a= "ansfoLd to 0H5. oeiis and ^^J^^ 

I -4- ^ in the Korean Coliecuxun 

strains were deposited m tne 

e culture Of Korea Research Institute of Biosorence 
TyP® \ .. 97 1999 (Accession 

and Biotechnilogy (KRIBB) on Nov. 27, 

.n «0: KCTC OlO^BP andKCTC 0703BP). 

of the prepared piasmids pTV-.. . , >.E 

Expression ot cne h 

• .Htro cell culture systems 
and pTV-SIV/pol m m vitro 

■^-ho ros-7 cells lAiuu 
started with the transfection mto COS 

-i-. - ^ calcium-phosphate method. .f ter .erng 

^ ^oH cells were harvested and 

_^_c^tured, the transfected 

in an immunoblottrng process wrth an^ 

granted from Dr. Hunsmann at Deutsches 

antibodies grantea 



13 



Primatenzentrum (DPZ). The iminunobots are shown in 
Fig. 3. In contrast to the plasmid pTV2 used as a 
control, pTV-SIV/GE and pTV-SIV/pol each expressed a 
proteins capable of association with an antibody 
specific for SIV as shown in Fig. 3. Therefore, the 
plasmids pTV-SIV/GE and pTV-SIV/pol can effectively 
express SIV proteins in animal cells. 

In another aspect of the- present invention, 
there are provided plasmids pHIV/GE and pHIV/pol, in 
which SIV-derived genes anchored in plasmids pSIV/GE 
and pSIV/pol are substituted with corresponding genes 
derived from HIV, respectively. 

In more detail, pHIV/GE was prepared by 
substituting SIV-derived gag, protease, env, and rev 
genes of pSIV/GE with HIV-derived gag, protease, env 
and rev genes, respectively. Likewise, the plasmid 
pHIV/pol carries a HIV-derived pol gene substituting 
for the SIV-derived pol gene. 

When pTV-SIV/GE and pTV-SIV/pol were injected as 
a vaccine into rhesus monkeys, the cell associated 
viral loads in blood (see Fig. 4), the reduction in 
CD4"^ cell count (see Fig. 5), which is typical of AIDS 
progression, and the drop in the percentage of 
CD29''CD4"' cells in PBLs (peripheral blood lymphocytes) 
(see Fig. 6), whic h Is an early p~"r"0"g n-o-S't-i c— ma-r^k-e-r — fo-r- 
a decline in immune functions, were all suppressed. 
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Particularly, the infection by SIVmac239 was 
completely suppressed . 

SIVmac/rhesus monkey models are difficult to 
protect from infection, but recognized as being the 
closest model to HIV-infected humans (Hanke et al., J. 
Virol,, 73:7524, 1999). It is thus obvious that the 
plasmids pHIV/GE and pHIV/pol, HI V-substitute types 
for the plasmids pSIV/GE and pSIV/pol of the present 
invention, of which pTV-SIV/GE and pSIV/pol are 
representative, respectively, can be used as DNA 
vaccines for the prophylaxis and therapy of AIDS. 

In a further aspect of the present invention, 
there are provided DNA vaccines for the prophylaxis 
and therapy of AIDS caused by SIV or HIV. In detail, 
vaccines comprising plasmids pSIV/GE and pSIV/pol are 
useful in the prophylaxis and therapy of the AIDS 
caused in SIV-infected monkeys. DNA vaccines 

comprising plasmids pHIV/GE . and pHIV/pol as 
pharmaceut ically effective ingredients can be used to 
prevent and treat AIDS in humans. 

In regard to administration routes and manners 
and formulations, the vaccines of the present 
invention may follow those of general vaccines, 
especially DNA vaccines. For example, the DNA 

vaccines of the present inventfrdn ma"y~be — adm-i-n-ts-te-re-d- 
in a general dosage form which uses a parenteral route 

15 



ior its administration. ^^^^^ ^^^^ 

^ in the present invention, 

oTV-SIV/GE and pTV-SIV/pol as 
- ^"rtr s. .Levs .ro. intection .V 

---- - ^^T; : addition. SXV-in.ected 

5 SIVmac239 (see Fig. )■ vaccines 
^nkevs administered with the 
rhesus monkeys 3,,,,, p.v-SIV/pol, 

comprising the piasmid pTV ^^^^^ 

=^-"re:rri:.s.picaio..os 

J t.e miction .XVmac.3. and 
10 progression caused oy ^^^^ 

^ rn99''CD4'' percentage m 

- " e„ «.ich indicates 

„„1 Is (see c ig ■ 
immune cex addition, 

■ .tion of immune functions, 
deterioration or SIV/pol can drop 

of oTV-SIV/GE and pTV-SIV/poi 
immunizations of pTV 

. H n27 antigenemia in plasma (FIG /), 
SIVmac induced p27 ^. 
.,30 generate — responses to con 

. ,n lymph node (LN) enough to 

^"^^ ; e representative examples of 

SXV/GE and pTV-SIV/pol are rep ^^^^^^ 
...smids - PSIV/GE and pSlV/pd, P ^ 
— ,3 pSIV/GE-pSIV/pol, pHiV...- 

combinations, sucn ^Hients in the 

, can be used as effective ingredients 
pHlV/pol, can oe 

rvf the present invention. 
DNA vaccines of the p contained 

•t-he nlasmids are cun 
in the DNA vaccines, the pi , , a 

. .„.e O.Oi-0.^ m./kg and pre.era.iv at 



15 



20 th 



-^-5 a-l^a 



of n 02-0.05 mg/kg- 
dosage of 0.02 invention 

A better understanding of the P 
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may be obtained in light of the following examples 
which are set forth to illustrate^ but are not to be 
construed to limit the present invention. 

5 EXAMPLES 

Practical and presently preferred embodiments of 
the present invention are illustrative as shown in the 
following Examples . 
Ui 10 However^ it will be appreciated that those skilled 

Ci in the art, on consideration of this disclosure, may 

!Z make modifications and improvements within the spirit 

^ and scope of the present invention. 

m 



15 Example 1: Construc-bion of AIDS DNA vaccines Useful as 
SIV Immunogen 

Construction of the plasmid pTV-SIV/GE started 
with the amplification of SIV genes of interest. In 
20 this regard, a polymerase chain reaction method was 
used while a SIVmac239 clone (Regier et al . , AIDS Res. 
Hum. Retroviruses, 6:1221-1231, 1990, deposited with 
GenBank Accession No: M3326) served as a template. 



In detail, a FCR^p-rod-u-e^ — ^was obtained using as a 

25 set of PGR primers synthetic oligonucleotides 1193 Kpn 
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described in the SEQ. ID NO. 1 and 3464Xba described 
in the SEQ. ID NO. 2, which had restriction sites for 
Kpnl and Xbal, respectively, followed by the partial 
digestion with Kpn and Xbal . Of the fragmented PGR 
products, a DNA stretch at base positions 1193-3494 of 
SIVmac239 was inserted between the restriction sites 
Sail and Xbal of pBluescript SK"^ (Stratagen) to give a 
recombinant plasmid pSK-SIVgag. Next, a PGR product 
was prepared using as a set of PGR primers synthetic 
oligonucleotides 6695Xba described in the SEQ. ID NO. 
3 and 9641NotI described in the SEQ. ID NO. 4 which 
were designed to have restriction sites for Xbal and 
NotI, respectively. This PGR was double cut with NotI 
and Xbal and fused with the plasmid pSK-SIVgag which 
had been partially digested with the same restriction 
enzymes, so as to give a new recombinant plasmid, pSK- 
SIV/ge-1 . 

From the SIVmac239 clone, a DNA fragment was 
amplified by PGR using synthetic oligonucleotides 
8328Cla described in the SEQ. ID NO. 5 and 9535Xho 
described in the SEQ. ID NO. 6 as a set of primers. 
After being cut with Glal and Xhol, the PGR product 
was inserted into pBluscript SK"^ (Stratagene) at the 
Smal position to give a new plasmid pSK-SIVenv3 . 

^The two plasmids pSK-SIV/ge-1 and pSK-SIVenv3 

were each digested with Clal an"d Nc^tl^ Th'e — vee-to-r^ 
containing half of the digested pSK-SIV/ge-1 was fused 
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with the non-vector half of the digested pSK-SIVenv3 
to construct the desired plasmid pSK-SIV/GE. A DNA 
fragment of - interest was obtained by cutting the 
plasmid pSK-SIV/GE with Kpnl and NotI and inserted to 
5 the KpnI/NotI site of pTV2 (Lee et al . , J. Virol, r 
72:8430, 1998) to give a recombinant plasmid pTV- 
SIV/GE. 

p Construction of the plasmid pTV-SIV/pol was 

Cj 10 conducted as follows. To begin with, a base sequence 

yj 

at positions 3105-5668 of SlVmac239 was amplified by 
PGR using as a set of PGR primers synthetic 
0^ oligonucleotides having restriction - sites BamHI 

H described in the SEQ. ID NO. 7 and Xhol described in 

H iJi 

O 15 the SEQ. ID NO. 8, respectively, followed by the 

p digestion with restriction enzymes BamHI and Xhol . 

^ The plasmid pSK+gDsE2 (Lee et al . , J. Virol, r 72:8430, 

1998) was removed of the E2 portion by' use of Bglll 
and Xhol, after which the PCR-amplif led BamHI/XhoI 
20 fragment was inserted to the truncated PSK-gDsE2 to 
give a recombinant plasmid pSK+gDSl V/pol . The 
integrase region of the pol gene was removed of the 
bases at positions 5130-5132 while the bases at 5133- 
5135 were mutated so as to express Serii7 instead of 

2-5 — — As.au.j., to give pSK+gDsSI V/polm . 



For the mutation of the pol gene^,^ t h'e^^p-l-a-sm-i-d- 
pSK+gDsSIV/pol was used as a PGR template with two 
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synthetic oligonucleotides described in the SEQ. ID 
NOs . 9 and 10 serving as PGR primers. The PGR product 
was self-ligated to give the plasmid pSK+gDsSIV/polm . 
Finally, a DNA fragment of interest, which was 
obtained by cutting the plasmid pSK+gDsSIV/polm with 
NotI and Xhol, was inserted to the plasmid pTV2 (Lee 
et al., J. Virol,, 72:8430,1998) at the same 
restriction sites . 

With the aim of enhancing the immune responses 
induced by the SIV DNA vaccine, plasmids pTV-SIV/pol- 
IL-2 and pTV-SI V/GE-GC were constructed which could 
further express cytokines IL-2 ( interleukin-2 ) and GM- 
CSF ( granulocyte/macrophage-colony stimulating factor) , 
respectively . 

In detail, to construct the plasmid pTV-SIV/pol- 
IL-2, a human IL-2 gene (Chung et al . , I, Hsueh. Tsa . 
Chih. , 13:78, 1993) was fused to the IRES (internal 
ribosomal entry site) sequence of EMGV 

(Encephalomyocarditis virus) , after which the 
resulting chimeric DNA fragment was inserted into the 
pTV vector, followed by fusing a SIV gene region of 
the pSK+gDsSIV/polm to the 5' -end of the IRES. A 
human GM-GSF gene necessary for the construction of 
tTie pfv^STVy-G-E--GG — j/v.a^^__obt£ined from SupT-1 cell 
(purchased from Korean Gell Line BanjT) by~RT^^GR~"u~5~i-ng~ 
synthetic oligonucleotides described in the SEQ. ID 
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NOs. 11 and 12 as a set of PGR primers. Before the 
RT-PCR, the cell was activated with Concanavalin A. 
The obtained human GM-CSF gene was linked to IRES and 
inserted to the pTV vector^, after which the SIV gene 
was cut out of the pSK-SIV/GE and fused to the 5' -end 
of the IRES. 

DH5a cells were transformed with the plasmids 
pTV-SIV/GE, pTV-SIV/pol, pTV-S I V/pol- IL-2 , and pTV- 
SIV/GE-GC, respectively and cultured. From the cells, 
each of the plasmids was prepared by a CsCl-EtBr 
method. The transformed strains were deposited in the 
Korean Collection for Type Culture of Korea Research 
Institute of Bioscience and Biotechnology (KRIBB) on 
Nov. 21, 1999 (Accession NO: KCTC 0702BP and KCTC 
0703BP) . 

All base sequences used in the construction of 
the plasmid pTV-SIV/GE and pTV-SIV/pol were numbered 
on the basis of the base sequence of SIVmac239. All 
of the gene manipulation processes used above, 
including use of restriction enzymes, insertion of 
base sequences, E. coli transformation, and plasmid 
purification, were conducted following the teachings 
of Sambrook et al. (Molecular Cloning, 2nd Edition, 
Cold SpriTTcr~H3-r-feo-r^LaiDoratory Press, U. S. A., 1989). 



EXAMPLE 2: Immunization of Monkeys with pTV-SIV/GE and 
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.„»r<.d in the Example 1 
Each of (the plasmids prepared 

, J to the concentration o£ i ™./"^ 
laune (0.«*-Ci,. Xnto two ■ rhe.u= 

„,„,ey= (G-uh , ,^,„ular injection 

SXV/poi were ; 3 control 

,roup >Croup co.pr.srn, t ^^^^ ^ 

vector DNA catryxng no SIV g 

I ^ nni action manner, 

f ftOO uj in the same m^ec^ 

^ ,rroup 3) comprising three 

, ^-^ot nroup (Group 

"-^ another test g . ^^V-SIV/GE and pTV- 

^ v.vs was immunized with pTV b 

rhesus mon.eys ^^^^^ ,ene-carrying 

^ , T alona with T^nt; J 

:=:i, SIV/pol, aiony 

m pTV-SIV/GE-GC and pTV-SIV/pol-IL 2, 

Q 15 Plasmxds pTV ^^^^^^ 200 ug 

S ..e four Piasmids .e.ng used ^^^^^^ 

S . V. .d A final test group (Group 

per head. protective immune 

,^,ee rhesus monkeys was tested 

v..n DNA vaccines and subunxt vaccxne 

^^^^^^ 

r^ombination. For , ^ 
20 useu — combination or pi- 

nsf this group, a comu 
immunizatron of th g ,or the third_^ the 

SIV/GE and pTV-SIV/pol was use . ^T^teins 

• .tion SiVmac-derived P^ ' 

fifth_x^«nxzatron, ^,,,,,,eil) and RT 

TVi > gpl20 proteins v 

, , 3 dose of 50 ug per head, along 

25 pr-ot-e^ns were used ^,, -^per^.ent-, 

„ith alu. as an adjuvant. 
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" ^" ^^^""^"^ 1 .,„rned .V cloning the 

the recombinant RT protei 
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RT gene of SIVmac239 in a pRSET vector, expressing the 
RT in an E. coli BL2 strain and purifying it through 
affinity chromatography using a metal-affinity resin 
( Pharmacia ) . 

5 At the 8 th, the 17th, the 25th and the 44th 

weeks after the first immunization, the same 
immunogens as used in the first immunization were 
injected into the identical rhesus monkeys in the same 
p manners. The identification and composition of each 

10 DNA vaccine was shown in FIG. 9, and the immunization 
™ schedule of each group of monkeys was illustrated in 

y FIG. 10. 

^ EXAMPLE 3: Infection of Immunized Monkeys with 

nJ 

□ 15 SIVmac239 

O 

A couple of weeks after the final immunization 
(i.e., the 46th week after the first immunization), 
SIVmac239 (Deutsches Primatensentrum, injection volume 
20 1 ml) was injected intravenously at a dose ten times 
as large as a predetermined MID50 (monkey infectious 
dose) into each of the immunized rhesus monkeys. 



EXPERIMENTAL EXAMPLE 1: Measurement of SIV infected 
25 cells in PBMC after the SIVmac challenge 



To know to what extent the immunity induced by 
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the plasmids allows the monkeys to be resistant to SIV, 
that is, whether the rhesus monkeys have sterilizing 
immunity to kill the viruses, or whether the immune 
responses induced in the rhesus monkeys are potent 
enough to control the viral replication although not 
to kill the viruses, the peripheral blood mononuclear 
cells (PBMC) infected by SIV were measured. 

At 1, 2, 4, 8, 12, 16, 20, 24, 28, 32, 35 and 40 
weeks after the SIVmac239 infection, PBMC were 
isolated from control and test rhesus monkeys. A 
measurement was made of the number of SIV-infected 
PBMC per one million cells according to the limiting- 
dilution cocult ivation method (Lu et al . , J, Virol,, 
70:3978, 1996) . 

The results of the examination on immune 
induction effects of the plasmids are given in Fig. 4. 
In the control group which was immunized with pTV, the 
number of the SIV-infected PBMC was sharply increased 
at the 1st and the 2nd weeks after the infection with 
SIVmac239 and thereafter, maintained at a level of 
100-10,000 per one million cells. 

On the quite contrary, one of the two rhesus 
monkeys immunized with a combination of pTV-SIV/GE and 
pTV-SIV/pol according to the present invention was 
found to maintain very low infected PBMC counts until 
the 2nd week after the inf ect~i~orT7 ^a'n^d — be — f-r-e-e — o-f_ 
virus-infected cells from the 4th week. This result 



indicates that the immune system of the immunized 
rhesus monkey effectively clear SIVmac239, thereby 
perfectly protecting the monkey from infection. 

In the other immunized rhesus monkey, a maximum 
level of SIV-infected PBMC were counted at the 4th 
week after the infection, but after that, the SIV- 
infected PBMC count decreased gradually and no 
infected cells were detected at the 20th week and 
thereafter, which demonstrates that the immune system 
of this monkey well functions to control the 
replication of the virus. 

Like the control group, no rhesus monkeys of the 
test group (group 3) immunized with the DNA vaccines 
carrying cytokine genes showed inhibition of the viral 
replication. To our knowledge, the accessory cytokine 
genes, administered together with the necessary genes, 
activate immune responses in a direction advantageous 
to the replication of the viruses. 

Rhesus monkeys of the test group (group 4) which 
was immunized with SIV DNA, followed by boosting with 
subunit vaccines, do not significantly differ from 
those of the control groups in SIV-infected PBMC count 
patterns. In consequence, the subunit proteins can be 
deduced to be inferior to the DNA vaccines themselves 
in boosting effect or to convert the induced immune 

responses toward a direction "advarvtag^eous ^t^he- 

infection of viruses. 



EXPERIMENTAL EXAMPLE 2 : Measurement of Absolute CD4^ 
Cell Count in Blood 

Generally accepted as an indicator useful in 
determining the progression of AIDS is an absolute 
CD4'' cell count in blood. At the 1st, the 2nd, the 
4th, the 6th, the 8th, the 12th, the 16th, the 20th, 
the 24th .and the 28th weeks after the SlVmac infection, 
CD4^ cells in PBL (peripheral blood lymphocytes) were 
counted by use of a FACS (fluorescent automated cell 
sorter) , such as that manufactured by Becton-Dickinson, 
identified as FACScan (Bjorn et al . , J". Virol . ^ 
72:7846, 1998) . 

FACS results are given in Fig. 5. For the 
control group immunized with pTV, the rhesus monkeys 
suffered from the reduction of CD4^ cell at the 1st, 
the 2nd and the 4th weeks after the SIVmac239 
infection. At the 28th week, the CD4^ cell count was 
much lower as compared with that at the last week 
before the challenge. 

In contrast, the rhesus monkeys immunized with 
the plasmids of the present invention were found to 
have average CD4'^ cell counts higher than those of the 
control group during the observation period, and 
retain as many CD4^ cells on averag'e — a't — the — 2-8-t-h — week 
as before infection, indicating that immunization by 



the plasmids of the present invention effectively 
inhibited the reduction of absolute 004"^ cell count 
caused by SIVmac239 infection. 

Like the control group, both the test group 
immunized with cytokine gene-carrying plasmids and the 
test group immunized with plasmids and boosted with 
subunit vaccines, suffered from the decrease in 004"*" 
cells. 

EXPERIMENTAL EXAMPLE 3: Measurement of CD2 9^CD4'' 
Percentage in Blood 

The percentage of CD29''CD4"^ cell in total immune 
cells is known as an early predictor for determining 
whether immune functions are deteriorated in humans 
and monkeys (Blatt et al . , J. infect Dis . ^ 171:837, 
1995; Kneitz et al. Vet Immunol. Immunopathol , , 36:239, 
1993) . At the 1st, the 2nd, the 4th, the 6th, the 8th, 
the 12th, the 16th, the 20th, the 24th and the 28th 
weeks after the SIVmac infection, blood samples taken 
from the immunized rhesus monkeys were measured for 
percentages of CD29''CD4"' cell in PBL with the aid of 
FACS (Bjorn et al . , J, Virol,, 72:7846, 1998). 

The FACS results are given in Fig. 6. In the 
.control^ group immunized with pTV, the percentage of 
CD29^CD4'' cell continued to decTease unrri — ^t-he — ^4-t^h-. 
week after the SIVmac239 infection and were measured 



to be below 5 % of total PBL at the 28th week. 

The rhesus monkeys immunized with the plasmids 
of the present invention showed average percentages of 
CD29"^CD4'^ cell higher than those of - the control group 
at each measurement time and maintained the 
percentages of CD29"'CD4"^ cell at about 10-20 %, which 
is the level found in normal monkeys, at the 28th week, 
This result demonstrates that the immunity induced by 
the plasmids of the present invention effectively 
inhibits the reduction of CD29"^CD4"^ percentage caused 
by SIVmac239, that is, the deterioration of immune 
function, corresponding to the results of Experimental 
Examples 1 and 2. 

In both the test group iininunized with cytokine 
gene-carrying plasmids and the test group immunized 
with plasmids and boosted with subunit vaccines, the 
percentage of CD29"^CD4"^ cell in the total immune cells 
were measured to be decreased, like in the control 
group . 



EXPERIMENTAL EXAMPLE 4 : Measurement of the 
postchallenge level of the p27 antigenemia in plasma 
of immunized monkeys 

The challenged animals were tested for p27 

^arrrrgerienfra~^t~^ 1~ 4-^ — S"^ — l-6i — 24— week-s— pos-tcha-lJ_e,nge 

(FIG. 7). Levels of antigenemia were determined by 
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analysis of plasma by p27 antigen capture ELISA. 

As a result, the levels of p27 in plasma of SIV 
DNA-vaccinated animals were less than those of control 
DNA vaccinated monkeys during the observation period. 
In particular, the serum p27 levels of two monkeys 
immunized with pTV-SIV/GE plus pTV-SIV/pol were shown 
to be much lower or undetectable in comparison with 
those of monkeys immunized with other AIDS vaccines. 
This result is consistent with cell associated viral 
loads in blood, and indicates that immune responses 
generated by immunization with pTV-SIV/GE and pTV- 
SIV/pol can inhibit the viral replication in blood of 
immunized monkeys. 

EXPERIMENTAL EXAMPLE 5: Measurement of the cell 
associated viral load in lymph node of immunized 
monkey after the SIVmac challenge 

Inguinal lymph node (LN) biopsies were collected 
at 25 weeks post challenge for 8777, 8780 monkey in 
Group 2. Additional axillary LN specime n 3 were 

collected at 52 weeks post challenge for 8777, 8780 
monkey in Group 2 and for 8783 monkey in Group 3. At 
50 weeks post infection, cervical LN, palatine tonsil, 
lingual tonsil, spleen, axillary LN, mesenteric LN, 

submandibular LW, thyrrarsv^ ret-roph-a-r-y-ng-e-a-1 ^LN a-nd- 

Peyer' s patches biopsies were collected for 8111 r 8780 
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monkey . 

Consistent with cell associated viral loads in 
blood, the viral loads in lymph nodes of the DNA 
immunized monkeys (Group 2) were very low or 
undetectable. As shown in Fig. 8, the number of 
SIVmac-inf ected cells per 10^ mononuclear cells in 
axillary lymph nodes of Group 2 was only 1 (# 8780) or 
undetectable (#8777), while one monkey (# 8783) of 
Group 3 had 1024 infected cells per 10^ mononuclear 
cells at 52 WPI . In addition, all monkeys of Group 2 
had no detection of SIV-infected cells in axillary 
lymph node at 60 WPI . This result suggests that immune 
responses generated by DNA immunization with pTV-SIV/GE 
and pTV-SIV/pol also control viral replication enough 
to eventually clear the virus in lymph nodes. 

INDUSTRIAL APPLICABILITY 

20 The present invention provides DNA vaccines which 

are capable of perfectly preventing the infection by 
SIVmac virus and preventing the deteriotion of immune 
functions caused by SIVmac virus, as described above 
and proven in SIVmac/rhesus monkey models, which are 

25 the most ideal for developing AIDS DNA vaccines and 
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the most difficult to protect. The AIDS DNA vaccines 
of the present invention are found to be far better in 
efficacy and safety than any other AIDS vaccines known 
thus far. Of the DNA vaccines of the present 
invention, plasmids carrying HIV genes, instead of 
corresponding SIV genes are predicted to have similar 
medicinal potency on humans. With the capability of 
inhibiting the replication of AIDS viruses and 
completely eliminating them in blood and lymph nodes, 
the DNA vaccines are suitable for use not only as 
preventive agents against infection by AIDS viruses, 
but also as therapeutic agents eradicative of 
surviving AIDS viruses when used in combination with 
other curative agents. Consequently, the present 
invention offers AIDS DNA vaccines which successfully 
exert perfect medicinal efficacy on primates, giving a 
measure of success in developing effective AIDS DNA 
vaccines applicable to humans. 

Those skilled in the art will appreciate that the 
conceptions and specific embodiments disclosed in the 
foregoing description may be . readily utilized as a 
basis for modifying or designing other embodiments for 
carrying out the same purposes of the present invention 
Those skilled in the art will also apprecl~a~t"e— t-h-a-t — s-u-c-h- 
equivalent embodiments do not depart from the spirit 



and scope of the invention as set forth in the appended 
claims . 
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